October 8, 2015 . Articles published in all years and all journals were included. Articles were sorted by the number of times cited, from highest to lowest. Each article was evaluated to determine whether it was appropriately related to rotator cuff repair. This process was repeated until 50 articles on rotator cuff repair were retrieved.
The following objective characteristics of each article were recorded: number of times cited, date of publication, number of years since publication, citation density (average number of citations per year since publication), journal, country of origin, and language. Date of publication was recorded as the month and year that the article was published in journal format rather than the date of online publication. For calculation of citation density, the date of publication was recorded as the first of the month (eg, 7/1/2005 for an article published in July 2005). Country of origin was noted according to the corresponding author's address.
The following subjective characteristics of each article were also recorded: article type (clinical vs basic science), article subtype (clinical subtypes: review article, technique article, case series, case-control study, prospective cohort study, retrospective cohort study, randomized controlled trial, meta-analysis, diagnostic study, expert opinion; basic science subtypes: animal study, anatomic study, biomechanical study), and level of evidence for clinical articles, according to The Journal of Bone & Joint Surgery. 10 Two authors (M.J.K., R.A.M.) independently reviewed each article for these subjective characteristics, and interobserver agreement was calculated for article type, subtype, and level of evidence. In cases of disagreement, a third reviewer (K.B.F.) was used.
Pearson's correlation coefficient (r) was used to determine the degree of correlation between date of publication and citation density. Chi-square tests were used to compare publication characteristics between this study and a previous publication 1 on the 50 most cited articles in orthopedic shoulder surgery.
results
On initial examination of the ISI Web of Science results, 4 studies were excluded because they did not appropriately pertain to rotator cuff repair. Of the 50 most cited articles on rotator cuff repair, the number of citations ranged from 138 to 677 (mean, 232±133 citations) and citation density ranged from 3.8 to 53.5 citations per year (mean, 16.9±9.2 citations per year) ( Table  1) . A moderate positive relationship was found between date of publication and citation density (r=0.49) (Figure) . The articles were published between 1974 and 2011, with most of the articles published in the 2000s (29 articles), followed by the 1990s (16 articles) ( Table 2) .
The 50 most cited articles originated from 8 countries ( Table 2) , with the United States accounting for 30 articles (60%) and France and Switzerland accounting for 6 articles each (12% each). These articles showed a trend toward a significant difference in countries of origin (P=.11) compared with articles on orthopedic shoulder surgery in general, which showed a trend toward fewer publications on rotator cuff repair from American groups (P=.08).
The top 50 articles were published in a total of 11 journals (Table 3) Table  3) . Compared with a study of the 50 most cited articles covering all areas of orthopedic shoulder surgery, 1 no significant difference was found in the proportion of journals in which articles were published (P=.24). Christian Gerber was the lead author of 4 of the top 50 articles on rotator cuff repair, and Stephen Burkhart was the lead author of 3 articles.
In terms of article type, subtype, and level of evidence, interobserver agreement was reached in 98% (49 of 50), 90% (40 of 50), and 94% (31 of 33) of cases, respectively. In all cases of disagreement, the third reviewer agreed with 1 of the 2 initial reviewers. Overall, 66% of articles were clinical and 34% were basic science. The most common article subtype was the clinical case series (48%) ( Table 4) . Of the 33 clinical articles, 24 (73%) were level IV (Table 5) .
discussion
Analysis of various characteristics of the most cited articles in a given surgical specialty provides insight into the factors that have a significant effect on the specialty. Although the total number of citations is an important determinant of the articles with greatest effect, it does not take into account the time elapsed since the date of publication. Thus, citation density may be a more significant measurement of the effect of an article on its field. In this study of the most cited articles on rotator cuff repair, the article by Galatz et al 11 entitled "The Outcome and Repair Integrity of Completely Arthroscopically Repaired Large and Massive Rotator Cuff Tears" has been cited an average of 53.5 times per year since its publication in 2004, more than 12 years ago. However, although this article has a high citation density, 17 of 18 patients in the study had recurrent rotator cuff tears. This article is often cited to emphasize the failings of rotator cuff repair and to offer suggestions for improving the procedure. Thus, high citation numbers do not always reflect studies with highly successful outcomes.
In addition to the number of citations and citation density, article subtype is an interesting characteristic of the most cited articles. The current study showed that the most common subtype of the most cited articles on rotator cuff repair was the clinical case series. Many of these case series revealed preliminary results of rotator cuff repair or a new surgical technique for repair of rotator cuff tears, one that resulted in a significant impact on rotator cuff repair for years to come. For example, the article by Lo and Burkhart 12 was the first to describe double-row arthroscopic rotator cuff repair, a technique that is still commonly used. Likewise, the 1978 article by Neviaser et al 13 was the first to describe repair of chronic rotator cuff tears.
Although case series have a lower level of evidence than randomized controlled trials and cohort studies, they often introduce new treatment methods or results 
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Copyright © SLACK inCorporAted n Feature Article that may produce significant changes in the surgical treatment of various orthopedic conditions. Similar to the list of most cited articles on rotator cuff repair, most of the articles cited in Orthopaedic InTraining Examination questions are also level IV evidence, 14 demonstrating the importance of these studies. Although Baldwin et al 3 stated that more rigorous methods are needed in the most popular articles in orthopedic surgery, the current study showed that the first reported outcomes of innovative procedures are often published as case series. In the study by Baldwin et al, 3 12 of the 50 most cited articles in pediatric orthopedic surgery were uncontrolled case series. Often it is not until successful preliminary results are published that research groups decide to perform higher-quality studies of these procedures. Because higher-quality studies are typically time-consuming and expensive, justification is often required to perform these studies on newer procedures or techniques. This justification may come in the form of a previously published case series showing successful results.
It is both interesting and disappointing that several of the most cited articles were published nearly 20 years ago. Although the number of citations continues to grow over time, these articles are often cited simply as historical references to the rotator cuff repair procedure. In addition, authors often cite their own work, sometimes unnecessarily, to increase their citation numbers. Clinical articles often begin with extended historical references to introduce the topic, even when the research question is fairly straightforward. Citing only articles that are directly relevant to the research question not only allows for more succinct publications but also provides a clearer picture of the most influential articles in the field through citation analysis. It is important to show greater evidence of growth when writing research articles. Although shoulder surgery has evolved significantly in recent decades, this growth is not evident from the citation list presented in this study.
Similar to other publications on the most cited orthopedic articles, 1, 3, 6, 7, 9 most of the reports in the current study were clinical articles. This is likely because clinical articles are directly relevant to patient care, whereas basic science articles typically do not have an immediate effect on treatment. Mazzocca et al, 15 in a 2005 study, and Ma et al, 16 in a 2006 study, compared the biomechanical strength of double-row vs single-row fixation for arthroscopic rotator cuff repair in cadavers. Both studies are in the top 50 most cited articles on rotator cuff repair, although these 2 reports showed conflicting results. Ma et al 16 showed a significantly higher ultimate tensile load for double-row repair, whereas Mazzocca et al 15 showed no difference between the 2 techniques in load to failure or cyclic displacement. Although they provided no clear answers on the superiority of either technique, these basic science articles likely generated enough interest within the orthopedic research community to prompt clinical studies comparing the outcomes of double-row vs single-row rotator cuff repair.
As noted elsewhere, 1, 8, 9 the articles presented in this study may serve as a list of "classic" articles for use by orthopedic surgery residents or fellows. Previous studies [17] [18] [19] attempted to determine factors that are most important in determining a resident's success on the Orthopaedic InTraining Examination. It is unknown how commonly these classic articles are used on this examination and the American Board of Orthopaedic Surgery Part I Examination, although this could be a topic for future study.
This study had both strengths and weaknesses. It was the first study to analyze the most cited articles on rotator cuff repair. However, the recent increase in the number of articles on orthopedic surgery 20 has likely resulted in a skewed distribution of citation density. This study showed a moderate positive relationship between date of publication and citation density, with more recent articles more likely to have higher citation density. Another weakness of this study was that total citation numbers did not necessarily correlate with study quality, as evidenced by the many level IV studies included in the most cited articles. Finally, citation density rather than citation number may be a more reliable indicator of the influence of an article within its field.
conclusion
This article detailed the 50 most cited articles on rotator cuff repair. The most common article subtype was the case series, showing the effect that articles on preliminary outcomes and new surgical techniques have had on rotator cuff repair.
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